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^ (54) Title: IN VTUtO CELL-BASED METHODS FOR BIOLOGICAL VALIDATION AND PHARMACOLOGICAL SCREEN- 
mo OF CHEMICAL ENTTTIES AND BIOLOGICALS 

o . 

(57) Abstract: This patent describes a novel in vitro cell-based method for biological validation and phannacological screening of 
dnags. new chemical entities (NCEs) and biologies, which is predictive of in vivo testing for efficacy and adverse events in patients, 
as occurs in clinical trials. The same method can be used to create an in vitro cell-based assay to identify die *righ t mariceted 
medication for the right patient' (personalized medicine), and to identify responders/non-iespondeis in ongoing clinical trials with 

^ NCEs. In addition this approach can be used to identify new indications for existing medicines and new indications for NCEs tiiat 

^ were unsnccessfiil in thdr intended uses. 
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IN VITRO CELL-BASED METHODS FOR BIOLOGICAL 
VALIDATION AND PHARMACOLOGICAL SCREENING OF 
CHEmCAL ENTITIES AND BIOLOGICALS 

BACKGROUTTO OF THE INVENTION 

5 The pharmaceutical industry spends moie than $40 billion worldwide on 

research and development of new drugs, but only 5 to 10% of drugs entering the 
clinical phase of drug development will be approved for marketing. Currently the 
average cost per successful drug development program is between $500 and $900 
million, and its duration is on average 8 to 12 years (1,2,3). This average cost figure is 
10 this high because 75% of that $500-900 million the pharmaceutical companies spend 
per drag is related to drug failures along the way (2). 

An important reason for the high failure rate in clinical trials is the poor 
predictive value of currently used screening technologies for biolpgjical validation, 
pharmacological testing, and screening for success or failure of chemical entities and 

15 biologicals in clinical trials involving human subjects. Iliese screening technologies 
are based on in vitro cell-based screening models and in vivo animal models, which 
often lack or inadequately Tq)resent the clinical disease phenotype of the patients in 
vsiiich the tested chemical entities or biologicals are intended to be used in the future. 
Therefore, success of these chemical entities or biologicals in these models does not 

20 necessarily translate into clinical success in patients. Hence, the majority of chemical 
entities or biologicals, while successful in these jsreceding screening and animal 
models, fail in clinical trials, particularly in late phase 11 and phase m trials (38). It has 
been estimated that more than 90% of new cheniical entities (NCEs) fai^ 
trials, of ^ch ^proximately two third fail for pharmacodynamic reasons (lack of 

25 efiScacy and/or an unacceptable adverse event profile); the remaining third fail for 
pharmacokinetic reasons (3). 

According to a Lehman Brothers report, the problem of poorly predictive 
models will become increasingly worse in the genomic era because a higher number of 
inadequately biologically validated NCEs wiU enter clinical trials (1). This will 
30 decrease fte overall success rale of clinical trials even fiirther. This report predicts tibat 
the average R&D budget needed to develop an NCE will have to increase from a 
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current value of $500-900 mfllion to $1 .5 biUion in the next five years, unless 
significant improvements are made. 

> The lack of available predictive technologies for success or failure in clinical 
trials leads to the current situation. Long and expensive preceding studies (in general 
5 more than five years and upfi^ont investments of tens to hundreds of million dollars) are 
needed both in animals and humans before success or failure of NCEs can be 
established in phase 11 or phase HI studies. Until better models are developed, tiie 
majority of NCEs vvill fail in phase II and m trials, either due to lack of efficacy or an 
unfavorable side effect profile. A cell-based method tiiat could better predict success or 

10 failure in phase n and HI trials, without the need for large up fix)nt investments, would 
represent a tremendous advantage &om a pharmaco-economic perspective, as it would 
eliminate drug candidates or biologicals likely to fail early on, without the requirement 
of large upfront investments. Eventually, such a method would allow the production of 
medicines that are safer and more effective, at a much-reduced cost In addition, such a 

1 5 model would reduce the need for in vivo animal testing. 

Furthermore, most drugs show significant inter-individual variation in 
therapeutic eflBcacy and adverse event outcome (4,5,6,7,8). Evaluation of effectiveness 
and adverse event profile is still based on the average response of a study gn)tq>. 
Inspection of the data from individual subjects, however, usually reveals significant 
20 numbers of patients witti little or no response, as well as those vAxo have dramatic 
responses. In cases of complex diseases, this 'one-drug-fits-all' attitude subjects 
patients to empirical trial-and-error periods before acceptable treatment regiments are 
found (4,8). 

Assays for the personalized medicine application and Hxe identification of 
25 responders/ non-responders in clinical trials are currently based on single nucleotide 
polymorphisms (SNPs) or baplotypes (4,8). Despite major investments made to 
develop the SNP approach for these q)plications, the numbers of successfiilly 
developed assays are small and their predictive value is often only modest The trial- 
and-error nature of current clinical practice is a significant economic burden on tiie 
30 healfli care system and keeps many patients effectively untreated for sustained periods 
of time. A test tool that coxdd predict vdiettier a registered medication would be 
effective in a specific patient in a timely manner would offer tremendous benefit for 
I^tients and healthcare economics. 
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Moreover, the same principle could also be used to identify 
respondeis/hon-respondersinclinicdtriak A large 

number of patients has to be recruited for each individual clinical phase II and HI trials, 
in order to demonstrate efGcacy and safety in a statistically meaningful manner. 
5 Typically 50 to 200 patients are recruited in phase n and hundreds to thousands of 
patients in phase HI. An important reason for the large numbers of patients are needed 
is the strong int^-individual variation in therapeutic eflHcacy and adverse event 
outcome in a randomly recruited patient population. The elimination of non-responders 
in these clinical trials would reduce the variability in trial outcome. This, in turn, 
1 0 would reduce the need for a large sample size of patients dramatically. Therefore, a 
test tool that avoids inclusion of patients likely to be non-iesponders in a clinical trial 
would lead to cost reduction on the order of himdreds of millions up to billions of 
dollars. / 

The development of predictive cell-based models has been hampered for 

IS various reasons, including the availability of human cells and tissues, in particular with 
the right genotype and disease phenotype, and the identification of validated cellular 
endpoints that have proven to predict in vivo responses after drug exposure. An ideal 
cell-based model should be using target cells or target tissues from patients who would 
be ultimately treated with tihe tested dugs. The availability of human ceUs for drug 

20 testing is limited, and often from questionable quality due to lunitations in the 
presavation and the homogeneity of excised human tissues. &nbryonic stem 
cell-based technologies are currently considered, but have inherent restrictions due to 
ethical consideratioiis, and limitations in defining disease phenotype in these embryos 
that do not have manifestations of diisease to be treated by investigational drugs or 

25 biologicals. Therefore the value of embryonic stem cells to predict 

phannaco-responses in specific patient populations with a well-defined disease 
phenotype is restricted The identification of cellular pharmaco-response tiiat reliably 
predicts pharmaco-responses in real patients with defined disease phenotype is another 
important obstacle. IdeaUy, this would require an e}gperimental settmg in whidi both 

30 cellular endpoints and in vivo patient endpoints after exposure to the same drug can be 
obtained to allow for a within-subject comparison, and to establish a strong in vitro/in 
vfvo correlation. 
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Accordingly, a need remains in the art for a cell-based assay that can better 
predict success or failure of NCEs in phase n and m trials. A need also remains in the 
art for an assay tiiiat can identify patients likely to be non-responders in a clinical trial. 
Finally, a need remains in the art for an assay that can predict whether a medication or a 
5 chemical entity will be effective in a specific patient 

SUMMARY OF THE INVENTION 

The present invention provides an in vitro method of predicting an in vivo 
response in a patient to a chemical entity. Such a method generally comprises creating 
a refbrence set of cellular responses in peripheral blood mononuclear cells CTBMCs'O, 

10 i;^ch are extracted from groups of subjects, each groi^ exposed to a different 

chemical entity, approved for treatment of a certain disease indication. Theise cellular 
responses are classified by iht clinical indication of the subjects £rt)m whom the 
PBMCs are extracted. Hie reference set can also include in vivo responses for efiBcacy 
and/or safety (adverse events profile) of the same subjects to the group of chemical 

15 entities to which the cellular responses are correlated, in order to create cellular 
response profiles. The method fijrther comprises drawing PBMCs firom a patient 
suffering fi-om the same disease indication for whom the predicted in vivo response is 
desired, detecting tiie cellular response of the patient's PBMCs to a chemical entity, 
then fi nding the in vivo response to wh ich the cellular res ponse coiresponds in the 

20 reference set by using the cellular response profiles. The patient, when e^osed to the 
chemical entity in vrvo, is predicted to have the in vivo response that corresponds with 
the cellular response in the reference set The clinical indication may pertain to 
efiBcacy, adverse effect, or safety of the chemical entity. Examples of a chemical entity 
include a registered chemical entity, a novel chemical entity, an environmental reagent, 

25 or a biological. Examples of cellular response include gent expression, increased 
motility, chemotaxis, contraction, relaxation, biosynthesis, secretion of signaling 
molecules, dqK>larization, repolarization, degranulation, adhesion, aggregation, change 
in metabolic rate, or immediate cellular responses. Examples of PBMCs include T- 
lymphocytes, B-lymphocytes, monocytes, natural killer cells, or peripheral blood stem 

30 ceUs. The PBMCs obtained firom the patient can be divided into two or more x>ortions 
and each portion is tested on a different chemical entity. 



4 



wo 02/40717 PCT/US0iy43726 

In out embodiment, the detection of fhe cellular response of the patient's 
PBMCs to a chenaical entity is accomplished by transducing the patient's peripheral 
blood mononuclear cells with a zinc finger protein that spedfically expresses or 
upregulates the target for the chemical entity; exposing the transfected peripheral blood 
5 mononuclear cells to the chemical entity; perfonning mRNA extraction on the exposed 
peripheral blood mononuclear cells; constructing a cDNA library jfrom the extracted 
RNA; performing a cDNA subtraction wifli another cDNA library; and detecting 
resxdtant cellxilar responses of the patient's peripheral blood mononuclear cells' to the 
chemical entity. 

10 The present invention also provides a method of screening chemical entities for 

their efScacy in treating a disease. Such a method generally comprises drawing 
PBMCs from subjects diagnosed with a particular disease who have been treated witii 
known chemical entities, then performing gene expression analyses on the subjects' 
PBMCs. These expression analyses results are tiien compared within the refer^^ 

15 and correlated to an in vivo response of fhe known chemical entities against the disease 
to create cellular response profiles. These cellular response profiles can then be used as 
markers for other chemical entities to predict their efficacy and/or adverse event profile 
in treating the disease. Again, the clinical indication may pertain to efficacy, adverse 
effect, or safety of the chemical entity. Examples of a chemical entity include a 

20 registered chemical entity, a novel chemical entity, an envirormiental reagent, or a 

biological. Examples of cellular response include gene expression, increased motility, 
chemotaxis, contraction, relaxation, biosynthesis, secretion of signaling molecules, 
depolarization, repolarization, degranulation, adhesion, aggregation, change in 
metabolic rate, or immediate cellular responses. Examples of PBMCs include T- 

25 lymphocytes, B-lymphocytes, monocytes, natural killer cells, or peripheral blood stem 
cells. The PBMCs obtained fix)m fhe patient can be divided into two or more portions 
and each portion is tested on a different chemical entity. 

In one embodiment, tiie gene e!>qnession analysis of the patieaot's PBMCs is 
obtained by drawing peripheral blood mononuclear cells &om the patient diagnosed 
30 witii the specific disease; performing gene expression analysis on the periphml blood 
mononuclear cells of the patients; comparing the results of the gene expression analyas 
to a reference set of gene expression analysis results that are correlated with an in vivo 
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response tp ihe specific disease; and determining the in vivo response which correlates 
with the cellular response in flie reference set. 

* The present invention fiirflier provides a method for detecting changes in gene 
expression in PBMCs in response to a chemical entity. Such a method generally 
5 comprises transfecting the PBMCs witii zinc finger proteins ("ZFPs") that turn on 

genes encoding known targets for an efFector, then exposing the PBMCs to the effector. 
The mRNA is then isolated from the PBMCs. Subtraction hybridization is used to 
eliminate all cDNAs expressed in unexposed PBMCs and/or expressed in clinical 
non-responders. The PBMCs are then assayed for the remaining over- and 

10 under-expressed cDNAs that indicate a difference in gene e9q>ression in response to the 
chemical entity. The detection of a remaining over^ or under-expressed cDNA 
indicates a change in gene expression in the PBMCs in response to the chemical entity, 
^camples of a chrancal entity include a registered chemical entity, a novel chemical 
entity, an environmental reagent, or a biological. Examples of PBMCs include T- 

1 5 lymphocytes, B-lymphocyles, monocytes, natural kiUer cells, or peripheral blood stem 
ceDs. The PBMCs obtained jfrom the patient can be divided into two or more portions 
and each portion is tested on a different chemical entity. 

Finally, the present invention provides a method for rapidly assessing whether a 
newr patient diagnosed wdth a particular disease is likely to respond to a particular 

20 — chenucal entity.-Such a method-generaUy comprises creating a referee set of cellular 
responses to a group of chemical entities in PBXICs extracted from subjects who ^ 
classified by clinical indication and correlating them to in vivo responses fiom the same 
subjects in order to create cellular response profiles. These ceUular response profiles 
are then captured on a suitable assay. PBMCs are drawn fix)m the new patient and the 

25 cellular response to the chemical entity is detected. The nev^r patient's Cellular response 
is tiien compared to the cellular response profiles in the reference set to predict the 
chemical entity's 1/1 vfvo response in the new patient A patient having a cellular 
response that correlates witii the cellular response in the reference set is likely to 
respond positively to the chenucal entity. In one embodimrai, the suitable assay is a 

30 microarray. In an atteniative embodiment, the suitable assay is rtiicrobeads. The 
clinical indication may pertain to eflScacy, adverse effect, or safety of the chemical 
entity. Examples of a chemical entity include a registered chemical entity, a novel 
chemical entity, an environmental reagent, or a biological. Examples of cellular 
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response include gene expression^ increased motility, chemotaxis, contraction, 
relaxation, biosynthesis, secretion of signaling molecules, depolarization, 
repolarization, degranulation, adhesion, aggregatioii, change in metabolic rate, or 
immediate cellular responses. Examples of PBMCs include T-lymphocytes, B- 
5 lymphocytes, monocytes, natural killer cells, or peripheral blood stem cells. The 
PBMCs obtained from the patient can be divided into two or more portions and each 
portion is tested on a different chemical entity. 

In one embodiment, the detection of the cellular refuse of the patient's 
PBMCs is accomplished by transfecting the patient's PBMCs with a zinc finger protein 
1 0 tiiat specifically expresses or upxegulates the target for the chemical entity; exposing 
the transfected PBMCs to the chemical entity; performing mKNA extraction on the 
exi>osed PBMCs; constracting a cDNA library from the extracted RNA; perfonning a 
cDNA subtraction with another cDNA library; and detecting resultant cellular 
responses of the patient's PBMCs to the chemical entity. 

15 

DETAHJED DESC3UPTION OF im BTWBa^ 

DEFlNrnoNS 

* In iMs invention, fte foUowing tenxis will be \ised as defined: 

Zinc Finger Proteins (ZFP): Proteins that act as modulators of transcription 
20 for specific sequences of nucleic acids. One zinc fibager domain makes base-specific 
contact with three base pairs. In one embodiment of the invention, a polydactyl protein 
of a 6-zinc finger domain equivalent, which makes contact with a 1 8 base pair address, 
a sequence long enough to specify a imique site in the human genome is used. A 6-zinc 
finger domain equivalent transcription factor fimctions as a highly specific and potent 
25 transcriiptional regulator. 

Peripheral Blood MondniiGlear Cells (PBMCs): The mononuclear cell 
population used in the invention is obtained from patients in which the drug is intmded 
to be used. PBMCs are isolated with the FicoU-Hypaque gradient method, and the 
population thus obtained firom a healthy donor consists of a mixture of about 5% B 
30 lymphocytes, 5-15% monocytes, 60-70% lymphocytes, and 5-15% natural killer cells 
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(43, 44). The obtained cell population consists of tiie subsets B-lymphocytes, 
monocytes, T-lymphocytes, natural killer cells and a number of peripheral stem cells. 
One subset or a mixture of subsets of PBMCs are be used in ftis invention. 

Reference set: A set of cellular responses correlated with in vivo responses. 

5 In vivo response: Clinical result in a patient due to exposure to a chemical 

entity. For example, an in vivo response to a chemical entity in asthma could be 
changes in forced expiratory volume in one second (FEVl), as measured through a 
patient's use of a spirometer (26), or in depression as measured with HAM-D scores. 

Cellular responses: Measurable in vitro responses in a cell type to tibie exposure 
10 of a chemical entity to the cell. These responses can include gene expression, increased 
motility, chemotaxis, contraction, relaxation, biosynthesis, secretion of signaling 
molecules, depolarization, repolarization, degranulation, adhesion, aggregation, change 
in metabolic rate, and inunediate cellular resi>onses. 

Cellular response profiles: A set of cellular responses predictive for in vivo 
15 responses. 

Chemical entity: Any substance tested to evaluate an in vivo response using a 
reference set of cellular responses. Examples of these are registered chemical entities, 
novel chemical entities, environmental reagents, and biologicals. 

: EfBcaiyc-As defined^ climcd studies (37r38)^ r- 



20 Adlversecvmts: As defined in clinical studies (37,38). 

Safety: As defined in clinical studies (3738,39). 

Patient: Individual with a clinical condition "whoso clinical outcome following 
exposure to cfaCToical entities is being predicted. 

Subject: Individual who is screen^ to acquire in vivo response versus cellular 
25 response correlations for reference sets. 

This ^plication describes a method of providing unproved predictability for the 
eflScacy and/or adverse event profile of chemical entities or efiectors (novel diemical 
entities, registered chemical entities, enviroiunental reagents, or biologicals) especially 
in the context of treating disease. The invention is a method that comprises finding 
30 conelations between i>?vi>oceUidar and in vh^areq)oxi5es to chemi^ 
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create a new or utilize an already existing reference set of in vitro cellular responses to 
predict &e effect the in vivo effect the chemical entity will have on a certain patient 
The reference set is a cellular response profile obtained from a separate subject 
population with a disease phenotype comparable to the target patients. The in vitro 
5 cellular responses in PlBMCs transformed into a bioassay using a specific ZFP are 
correlated with traditional in vivo clinical responses in terms of efiScacy and adverse 
event profile. The reference in vitro data is then used to ascertain the relative eflBcacy 
and/or adverse event profile of novel chemical and biological entities to treat a disease 
in a similar group of patients. 

10 Referrace sets can be pre-existing or produced using Reinvention. The 

reference set is obtained by correlating the in vitro cellular response data gafiiered fix>m 
a patient to an in vivo response data. The reference set contains clinical outcomes to a 
certain medical condition, each outcome accompanied by cellular response data 
gathered for tiie same subject As described above, cellular responses can be one of 

15 many measurable responses a cell could have to the presence of a chemical entity. 

Generally, these in vitro responses are detected by extracting blood j6x)m a 
subject or patient, and separating the peripheral blood mononuclear cells (PBMCs) 
fix>m other parts of the blood (43, 44). These PBMCs are described above as a grotq) of 
nucleated cells that are in the blood. Potentialiy, any type of cell could be used that 

20 co uld express a target of a chemical entit y and produ ce a discernible cellular response 
that could be correlated with an in vfvo response. Cell types that already express a 
target for the chemical entity being studied can simply be exposed to the chemical 
entity and their cellular response can be measured. PBMCs have targets for some 
chemical entities, but not for all chemical entities. In situations where the chemical 

25 entity being studied does not, or insufBciently has a target expressed in the cell type 
being exposed to it, the cells can be transduced using various techniques with a 
transcription factor such as a zinc finger protein (ZFP) that causes these targets to be 
expressed in the cells, as defined above. C>aiertransaipt]on&ctar5Coi4dalsobe 
transduced into fhe cells as long as they somehow caused a target of the given dhemical 

30 entity to be expressed in tiie cell. 

Nucleic acids could also be introduced into the cells that encode transcription 
factors, or other proteins that could effect the e?q>ression of target molecules. The 
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protein iTOiald not have to directly interact 

only upregulate the expression of a target for a chemical entity. 

* After the cell is transduced and exposed to the chemical entity, some cellular 
response is measured. This measurement is then compared to reference measurements 
5 in a subject population from which a relevant subject set has been made. What makes 
up a relevant subject set depends on Ae condition being studied, but generally, it is a 
set of subjects that haye the same or a similar clinical condition as the patient If the 
patient had asthma, for example, subject sets from subjects with asthma being treated 
by different chemical entities with different clinical outcomes could be relevant 

1 0 The relevant reference set depends upon the disease or condition, and upon the 

markers for efBcacy or adverse effects being measured. In this manner, certain cellular 
responses are correlated with certain in vivo responses. This gives some basis for 
prediction of a patient response to a drug \^en the patient displays a certain clmical 
condition. The methods of the present invention can also be used to study how certam 

1 5 novel drugs might affect a patient with a certain condition. The methods can also be 
used to choose which drug would be the most effective in treating a patient The 
methods can also be used to study how certain chemical entities might interact with 
each other in the context ofa patient's i/ivfvo response. The methods of the present 
invention can also be used to ascertain certain advme event or safety concern a 

20 chemical entity might induce ^en p eople are exposed in it Finally, fte methods can 
also be used to screen patients to ascertain which of thena would respond to certain 
chemical entities under certain conditions, and which would not le^nd. Any clinical 
indication, in any therapeutic area could be studied with fliis method. 

The in vitroAn vivo correlation can be obtained from a prospective study, in 
25 vAnch both flie in vitro and in vivo data has yet to be collected. The correlation can also 
be obtained from a retrospective study, in which in vivo data is aheady available, but in 
vitro data yet needs to be created. An example of the latter is when e5q)0sure to a 
chemical entity has caused life-threatening adverse events (such as valvular fibrosis in 
subjects who were treated with Fenfluramine) and, therefore, it would be unethical to 
30 administer this chemical entity to other subjects. In tins case, subjects with, and 

subjects without the adverse events (in vivo data) after exposure to the chemical entity 
would be recruited, and in vitro data would be measured from the PBMCs of these 
subjects, in order to identify a cellular response profile to predict the adverse event in 
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vivo response. This profile can be used to test bcw chemical entities or biologicals for 
fheir potential to cause these unacceptable adverse events. 

• In OBe embodimejit of the isveiition, PBMCs are extracted ftova a patient with a 
certain disease (43, 44). The cells are transformed with a ZFP via retroviral infectioa 
5 This ZFP is responsible for the expression of a target for a chemical entity that is to be 
screened for efScacy and/or adverse events in treating tihie disease. The PBMCs are 
then exposed to the chemical entity. KNA retraction is then performed as kno\vn in the 
art (41). This KNA is converted into a DNA Kbrary (34), and this is subtracted from 
another DNA library (35) made in a similar manner with untreated PBMCs, resulting in 

10 a number of genes being measured iq) or do\vn regulated by Aechenu These 
up and down regulated genes are then cornpared to cellular response profiles associated 
with a positive outcome for the disease and/or with fewest adverse events. If the 
chemical entity's response in tiiis patient's PBMCs correlates with a positive response 
in the reference set of celliUar response profiles for this disease, then &e drug is more 

IS likely to cause a positive outcome in the patient 

In another embodiment of the invention, the PBMCs fiom the above patient are 
split into a number of portions. Each portion is transduced with a different ZFP for a 
different chemical entity as above, and gene expression changes are detected for each 
portion as described above. The changes in gene expression of eiach of the chemical 
^20 : .entities could be.compared with.a distinct.cellular response profile in the ceUular 

response profile, which profile is predictive for in vivo responses. The chemical entity 
that displays the most desirable profile could be used to treat the patient 

In anottier embodiment of the invention, the chemical entities in the above 
invention are novel chemical entities that had not been used before in t^^ 
25 that disease state. They are screened for thdur ability to produce a cellular response that 
correlates with a positive clinical outcome. 

In another embodiment, the chemical entities are known chemical entities that 
are used in a different disease state, but had not been used in the disease state tiiat the 
patient above is displaying. They are screened for then: ability to produce a cellular 
30 response that correlates witii a positive clinical outcome. 

In yet another embodiment of tiie invention, PBMCs are extracted fsom subjects 
witii a certam disease being treated wifli a certain chemical entity. Differential gene 

11 
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expi^ibn is measured as desoibed above. This is repeated for many subjects, 
collecting what genes are induced and repressed using a certain chemical entity in a 
certain disease state, and what the in vivo response to the treatment was in the subject 
This data is collected using different chemical entities with the same disease to create a 
5 reference set of chemical response profiles correlated with in vivo responses. This 
reference set can be used, used, as described above, to create a ceUular response profile 
predictive for in vivo results in patients with a certain disease. 

In another ^bodiment, PBMCs are esctracted firom subjects that have been 
exposed to a chemical entity in fheir environment The cellular responses of their 
10 PBMCs could then be compared with Ate cellidar responses obtained firom subjects in 
whom exposure resulted or did not result in some clinical condition, to identify a 
cellular response profile predictive for m vivo response. 

In yet anotber embodiment, genes that are up or down regulated in Ae case of a 
desired m vivo response, could be attached to a microarray on a chip (42) or 
15 microbeads. In this manner, subtracted cDNA fit>m a patient could be quickly teste;d to 
see if it correlates with a certain in vivo response. 



EXAMPLES 

^EXAMPLEl IJS£JOJFjni£.lNV£l^ . „ 

This invention carries key characteristics of a traditional phase m trial (38); 
20 except that drug testing is performed on cells of patients, instead of the patients 
themselves and the use of cellular responses, "v^ch are validated against in vivo 
responses, to predict 112 vnv traditional responses, llie key characteristics of a 
traditional clinical trial which are addressed in the invention include: 

• Recruitment ofpatients with the desired disease phenotype. 
25 • The use of inclusion/exclusiQn criteria to select patients. 

• The use ofefficacyendpoints which are validated and predictive for 
efticacy in tile target population. 

• The use of safety (adverse event) endpoints which are validated and 
. predictive for safety in the target patient population. 

12 
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• The calculation of a sample size su£Gcient to allow for ibt required 
statistical power. 

• The definition of success or failure of the test medicine on the basis of 
"tiie choice o:!^ and magnitude of desired change in endpoints validated 

S against and predictive for success or failure in the target patient 

population. 

• Ethical review requirements such as study review and approval through 
anIRB. 

• Informed consent ofthe patients participating in the studies. 

10 The same invention can also be used to predict which registered medication in a 

certain disease indication is likely to be effective and/or will have an acceptable 
adverse event profile in a given patient diagnosed with that disease (the concept of 
personalized medicine). 

The same invention can also be used to predict, prior to participation, in phase II 
1 5 and phase in trials (38), which patients are likely to classify as a non-responder or 
responder to a NCE or biological intended to be tested in those clinical trials. 
Exclusion of nourresponders allows for a smaller sample size needed in the study to 
ensure acceptable statistical power. 

The same invention can also be used to identify altem^ve clinicai indications 
20 for existing dnigs, registered for use in a certain clinical indication. 

The same invention can also be used to identify alt^ative clinical indications 
for novel HCEs or biologjcals that failed in terms of efiScacy during clinical trial testing 
in a certain indication. 

Example 2 VsEOvGEmExFiRSssiofiJ^OFnjss^ 

25 The principle of pharmacotherapy is that a pharmacological response is initiated 

by a drug at its site of action on its so-called target Several thousands of molecular 
targets have been cloned and are available as potential drug targets. These targets 
mclude more than 750 GTP-binding protein coupled receptors (GPCRs), over 100 
ligand-gated ion channels, more than 60 nuclear receptors and 50 cytokines, and 

30 ^proximately 20 reuptake/transport proteins and a number of enzymes (15,16). 



13 



wo 02/40717 PCTAJSOl/43726 

Signal transduction pathways involve a series or cascade of events that occur 
after a drug binds to its receptor, and culminate in tiie activation of effector 
mechanisms that result in a cellular response. Following binding of a drug to its 
receptor, immediate or late effects may occur. Immediate effects are due to modulation 
5 of cellular effector molecules that are already expressed by the target cell, and 

examples are increased motility, chemotaxis, contraction or relaxation, biosynthesis and 
secretion of other signaling molecules, depolarization or rq>olaTi2ation, degranulation, 
adhesion and aggregation, or a change in metabolic rate. Late effects are due to 
activation of nuclear transcription factors that either stimulate or inhibit gene 
10 expression. The cell response occurs later, foUowing gene transcription (ni^ 
production), translation, protem synthesis and expression of newly syn&esized 
proteins. 

Gene expression profiles are a powerful tool to help dissect the mechanism of 
action of drugs and drug candidates. They will also increasingly contribute to the 
15 analysis of metabolic pathways for drugs, the understanding and prediction of adverse 
events in vitro and in vivo, as well a tool to predict the right dose and efficacy of a drug 
in the clinical setting. 

Subsets of gene expression profiles can be used as a unique fibagerprint of a 
specific drug action, and presumably^ in cases in which the patients' disease condition 
-20— ^proved,-alsd;as.aJa;^^rint-forH^ 

in studying gene e}q>ression changes induced by toxic agents (toxicogenomics). Gene 
expression profiles are either causally linked to the toxic outcome or are downstream 
sequelae of flie toxic exposure. Monitoring gene expression profiles, induced directly 
or indirectly by different classes of toxicants should eventually allow recogmtioa of 
25 signature patterns that are representative of specific toxicities. Once recognized, these 
patterns could be used to evaluate new compounds (pharmaceutical candidates) 
possessing undefined toxicities (17,1 S,19,20,21). 

The same principle is used as demonstrated to study toxicology on a molecular 
biology basis, to study eflScacy and adverse events related gene expression profiles. 
30 Treatment with drugs with known mechanisms of action can be used to define a 
reference of response to \^ch new drugs can be compared (17). . 
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Genes can be upregulated or downregulated as a result of fbe drug action on the 
cell. Typically hundreds of genes are involved, and publications report a range of 
1 00-1 000 genes (1 7,1 8), however the number of the same genes over/under-expressed 
in a repeated manner is only a small fraction of that number. Certain gene induction 
5 events occur consistently, while others are highly variable. A study showed that in 
HepG2 cells exposed to cis-platinum, 200 or more genes were differentially expressed, 
but only 14 genes were consistently differentially expressed (17). 

The apinroach of using ZFPs to upregulate genes in order to express drug targets 
in PBMCs offers a unique opportunity to study downstream metabolic pathways in 
10 clinical responders and to differentiate these from clinical non-responders. This u\ turn 
may increase imderstanding of the underlying diseases, as it increases understanding of 
pharmacological drug actions at a molecular level. 

Subsets of gene expression profiles can be used as a unique fingerprint of a 
specific drug action, and, in cases in which the patient's disease condition improved, 
IS also as a fingerprint for clinical response. 

Examples Predicting Drug Efhcacy and adverse events against a 
Disease 

In one embodiment of the invention a reference set of in vitro gene expression 
profiles predictive for in vivo pharmaco-re^ppnses (in terms of efficacy and adverse 

20 event profiles) are identified using a known drug (either drug A, B or C etc) registered 
for use in a certain clinical indication, for example disease X, to treat patients 
diagnosed with disease X. PBMCs are obtained from patients who are diagnosed with 
disease X, and these cells are used to create a bioassay, by expressing the drug target 
using specific ZFP in these cells. Drug responses induced by e3q)osing drugs to the 

25 PBMC-based bioassay are obtained in parallel with clinical in vivo dmg responses in 
these patients. Both cellular responses and in vivo patient responses are used to cieate a 
refermce set In this embodiment, the cellular in vitro responses are ccmipared with tiie 
subject in vivo responses, boft obtained witiiin the same subject (witfain-subject 
comparison). A number of subjects diagnosed with disease X are treated with drug A, 

30 BorC,etc. If a given subject is treated with drug A, than the dnig target for treatment 
A is ^pressed in the PBMCs of that subj ect, using a ZFP to express tiie target for drug 
A. This results in a PBMC-based bioassay, vMch is exposed to drug A to induce 

15 
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cellular in vitro responses. This procedure is also performed with subjects treated vnfh 
other drugs B and C on PBMCs that were treated with ZFPs specific for drugs B and C. 

Amongst the subjects treated with drug A, a number of subjects are selected 
who classify as in vivo responders as defined by standard traditional definitions for 

5 clinical response. A number of subjects are also selected who classify as 

non-resp6nders according to the same definition. Cellular gene expression profiles 
obtained fiom flie clinical responders are grouped, as are the cellular gene expression 
profiJes of clinical non-responders. In the group of the clinical in vivo responders to 
drug A, profiles of in vitro gene expression that all or the majority individual 

10 responders have in common are identified, along with which profiles are not or hardly 
present in the non-responders to drug A. This common in vitro cellular response gene 
expo^ssion profile therefore has a high predictive value for in vivo subject response to 
drug A (predictive expression profile A). Sinulariy, profiles can be constructed for 
subjects treated with drug B or C. 

15 The gene expres^on profiles predictive for response to drugs A, B or C are used 

for fhe creation of drug screening assays to test novel drugs with a pharmacological 
action similar to drug A, B, or C respectively. The gene expression predictive profiles 
predictive for response to drugs A, B or C are also used to develop the reference for the 
personalized medicine diagnostic product 

dnig A, By C, etc have in common is identified, along with \^cfa pro£3^ 
hardly pres^ in the in vivo non-responders to drugs A, B, C, etc. This gene expression 
profile reflects gene expression patterns, which are associated with in vivo clinical 
responses ('getting better*) irrespective of the mechanism of action of ttie drug used, as 
25 all fliree drugs, with a eadi a different mechanism of action to induce them. Therefore, 
this gene expression profile can be used to screen NCEs and biologicals with novel 
mechanisms to treat disease X. 

In addition to identifying gene expression profiles predictive for efiicacy of 
drugs A, B, C, etc in patients, gene expression profiles can also be identified, predictive 
30 for adverse events oftiiese drugs in these patients. Patients experiencing a certain 

adverse event are separated firom tiie patients v/ho do not esqierience that adverse eveOL 
The gene repression profiles in the PBMCs of these patients (after transformation into 
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a bioassay and e5q)0sed to Ihe appropriate drug, as described for eflBcacy testing above) 
are analyzed to identiiy a gene expression profile that predonunantly occurs in patients 
experienced with that adverse event, and not, or hardly, in patients who do not 
experience that adverse event Differentially caressed genes are used to create 
S customized microarrays or a dififei^ent suitable assay, like microbeads, to allow a higher 
level of throughput testing. 

Example 4 Screening NCEs for EmcAcy and/or Adverse Event Profile 

In another embodiment of the invention, the method is used to screen new 
chemical entities (NCEs) or biologicals for their eJBBcacy and/or adverse event profile. 
10 By using a cellular response profile of validated gene expnession profiles predictive for 
in vivo responses (translated into customized microanays) by disease state, in vitro 
predictions about the in vivo efBcacy of a novel NCE Y intended to treat disease X can 
be made, using ihe invention comprising the following components: 

1. PBMCsfi^om patients with disease X in which a fiiture phase m study 
1 5 conduct is intended. 

2. ZFP specifically exjxressing the target for NCE Y. 

3. PBMC-based bioassay to be exposed to NCE Y, 

4. mKN A extraction firom these PBMCs, •. 

. 5. Hybridization of mKNA to customized microarrays composed fix>m 
20 gene e;qzressionpn)filesdifrerentiaUy expressed in clinical xnv^ 

responders (in terms of efiBcacy and/or adverse event profile) compared 
to non-responders as described in example 3. 

6. Analysis of hybridization pattern determines success of failure of the 
NCE Y in temis of efiScacy and/or adverse event profile. 

25 If NCE Y has a pharmacological mechanism of action similar to one of tiie 

registered drugs (for example drag A) used in tiie cellular response profile study, tiien 
the customized microairays used in step 5 are conq>osed fix>m fhe diffmntially 
expressed gene data predictive for in vivo response (efficacy and/or adverse events) to 
drugA. 
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If NCE Y has a novel pharmacological mechanism of action intended for the 
treatment of disease X, then the customized microairays used in step 5 are composed 
from the differentially expressed gene data predictive for in vivo response (efiBcacy 
and/or adverse events) that two or more registered drugs (each with a different 
5 phanhacological mechanism ofaction) have in common as described in Example 3. 
These commonly occurring gene ^pression data are assumed to predict disease 
modification, and are indq)endent of the pharmacologjical mechanism of action of the 
individual drugs used. This is applicable for NCEs and biologicals. 

Examples ScreemngDriigs for Relative Efficacy 

10 In another embodiment of the invention, the method is used prior to drug 

administration, to ascertain viiich out of several candidate medications registered for a 
certain disease indication (X) is likely to be effective and/or has an acceptable adverse 
event profile in a given patient diagnosed Svith fliat disease X (the concq)t of 
personalized medicine). Gene expression profiles that specifically predict in vivo 

15 response to an individual drug A or B or C etc, indicated and marketed to treat a certain 
disease X are used to create a customized microarray, or other suitable technology like 
microbeads. 

This in vitro diagnostic tool rapidly assesses whether a given patient diagnosed 
with diseaseJX^hQuldJbe,piescribed-d ^ condition of 

20 disease X. PBMCs, of these patients are obtained, transfonned into a bioassay, and 
GxpoBcd to drugs A, B, or C, etc, respectively, and the drug-induced cellular response 
(gene expression profile) is con4)ared with a reference set of cellular responses 
correlated with //I vfvo responses. This cellular responses are obtained firom a different 
but comparable set of subjects with disease X (as described in example 3), through in 

25 vitro/in vivo correlation. The cellular response in vitro gene e3cpression profile 
predictive for m vivo response to drug A, B or C is used to create a microanay, or 
dijQfeient suitable assay, for drug A, B or C,iespectivd^ This diagnostic 

test is comprised of Ae following components: 

• Obtain PBMCs fi^m the patient with disease X, and divide into three 
30 fi:actions(ifthree drugs are intended to be tested). 

• Transfect one gioup of PBMCs witii a ZFP specifically expressing target 
fordrugA. 
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o Expose drug A to IfaisPBMC-based assay, 
o * Extract mKNA from these PBMCs. 

o Hybridize mRNA to predictive gene expression array for drug A. 

o Analysis of hybridization pattern determines likely response or 
5 non-response to drug A in the new patient 

• Transfect one group of PBMCs with a ZFP specifically expressinjg target 
for drug B. 

o Expose drug B to this PBMC-based assay. 

o Extract mRNA from these PBMCs. 

10 o Hybridize mKNA to predictive goieesqxression array for drug B. 

o Andysis 'ofhybridizationpattem determines likely response or 
non-response to drug B in the new patient 

• Transfect one grot^ of PBMCs with a ZFP specifically expressing target 
for drug C. 

IS o Expose drug C to this PBMC-based assay. 

o Extract mRNA from these PBMCs. 

. " — -Hybridize ml^A to predictive gene expression array for drug C. 

o Analysis of hybridization pattern determines likely response or 
non-response to drag C in the new patiqxt 

20 The in vitro response predictions of new patients to drugs A, B or C, etc allow 

selection of the drug treatment that is most likely to result in the best clinical outcomes 
in terms of efficacy and/or adverse event profile in these patients. 

Example 6 Screening Patients for Being Responders or Non-Responders 
TONCEs 

25 In yet another embodiment, the method of the invention could be used to 

ascertain which patients diagnosed with disease X are likely to classify as a 
non-responder or responder to a NCE or biological intended to be tested in phase U and 
phase HI clinical trials. 
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By using a cellular response profile of validated gene expression profiles 
predictive.for in vivo responses translated into oistomized microarrays by disease state 
as described above, it is rapidly predictable in vitro whether a novel NCE (Z) intended 
to treat disease X will be effective in vivo in a clinical trial, using the invention 
5 comprising of the foUowing components: 

• Isolate PBMCsfirom each offte patients with disease X, recruited to 
participate in the clinical trial 

• ZFP q>ecifically expressing the target for NCE-Z. 

• PBMC-basedbioassay to be exposed to NCE-Z. 
10 • mKNA extraction from these PBMCs, 

• Hybridization of niRNA to customized microarrays. The microarray 
used depoids on fte pharmacological mechanism of action of NC&-Z 
(see below). 

• Analysis of hybridization pattern from patient to patient predicts vMdi 
1 5 patient is likely to become a responder or a non-responder to NCE-Z. 

If NCE Z has a pharmacological mechanism of action similar to one of the 
registered drugs (for example drug A) foimd in the cellular response prolBle, then the 

ciiRtoyy^^T -^ fl mirma Trays used in s tq p 5 can be com po sed on the basis of differentially 

expressed gene data predictive for in vivo response (e£Bcacy and/or adverse events) to 

20 drugA. 

If NCE Z has a novel pharmacological mechanism of action, intended for fhe ' 
treatment of disease X, than the customized microarrays used in stq> S can 
composed on the basis of the differentially expressed gene data predictive for in vivo 
response (efficacy and/or adverse events) tiiat two or more registered drugs (each with 
25 a different pharmacologjlcal mechanism of action) have in conatmon as described in 
example 3. These commonly occurring gene expression data are assumed to predict 
disease modification and are independent of tiie pharmacological mechanism of action 
of the individual drugs used. This is applicable for NCEs and biologicals. 
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Example? Finding New Uses for a Drug 

In yet another embodiment of the invention, the method is used to ascertain new 
uses' for abready existing chemical entities. 

This test tool identifies an alternative clinical indication for already marketed 
5 drugs that proved to be effective in a different clinical mdication. This test tool allows 
to assessment of whether a drug (drug H) tiiat is effectively used to treat disease X, is 
also effective in the treatment of disease Y in patients as follows: 

• Isolate PBMCsfiom patients diagnosed with disease Y. 

• Transfect the PBMC with a ZFP specifically expressing fte target for 
10 dtugH. 

• PBMC-basedbioassay to be exposed to drug H. 

• mRNA extraction fit)m these PBMCs. 

• Hybridization of mRNA to customized microarrays composed on the 
basis of cellular response gene expression profiles diflferentially ' 

15 expressed in clinical in vivo responders, and induced commonly by at 

least two different drug with different mechanisms of action in disease 
Y. 

. ^zTTT^^ likely to be 

dSective in disease Y. 

20 In the cellular response in vivo, responses are obtained in patients diagnosed 

with disease Y and treated with already marketed drugs, in parallel with in vitro gene 
expression analysis in PBMC-based assays &om the same patients, exposed to the same 
drugs, to allow in vivo/in vitro comparison of endpoints. 

In vivo response data from patients who respond to a given driig are correlated 
25 with the unique gene expression fingerprint derived fit>m their PBMC-based assay. 
These gene expression studies inf parallel with in vivo response monitoring are 
conducted with at least two drugs firom a different pharmacological class, but effective 
in the same indication Y. Analysis aGn>ss aU resik>ndei:s in all drug categories 
identifies the subset of expressed genes that these two or more drugs have in common, 
30 and thus conelates with disease state improvement, regardless of Ae drag used. These 
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predictive profiles are used to create customized inicroarrays, or other suitable 
technology. In vivo response can be obtained for drug efBcacy and adverse event 
profile. This is applicable for chemical entities and biologicals. 

Example 8 Screening NCEs That Were Not Effective against One 
5 Disease to Ascertain Their Efficacy AcAiNfrr Another 

Disease 

In yet another embodiment of the invention, the method is used to identify new 
disease indications for an NCE (HF) that foil to be effective in an initially targeted 
disease. This test tool allows assessment ofwhether an NCE (drug HIO that w 
10 but Mled to be efifecdve in a certain disease X, would be effective in treating disease Y 
as follows: 

• Isolate PBMCs from patients diagnosed with disease Y. 

• Transfect PBMCs with a ZFP specifically expressing the target for NCE 
HF. 

15 • PBMC-based bioassay to be exposed to NCE HF. 

• mBNA extraction from these PBMCs. 

• Hybridization of mKNTA to customized microarrays composed from 
cellular response gene expression profiles differentially expressed in 



clinical in vivo responders, and induced conmionly by at least two 
20 different drug with diflFerentmechanisnis of action and registered in the 

treatment of in disease Y. 

• Analysis of hybridization pattern predicts whether NCE HF is likely to 
be efifective in disease Y, 

In the reference study, in vivo responses are obtained in patients diagnosed witii 
25 disease Y expression analysis in PBMC-based assays fipm the same patients, exposed 
to the same drugs, to allow in vivo/in vitro comparison of endpoints. 

Inyxvo response data fix>m patients who respond to a given drug are corrdated 

with the unique gene expression fingerprint derived fit)m their PBMC-based assay. 

These gene e?qiression studies in parallel with in vivo response monitoring are 

30 conducted with at least two drugs fiom a different pharmacological class, but effective ^ 

in tire same indication Y. Analysis across all responders in all drug categories 
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identifies the subset of expressed genes that fliese two or more drugs have in common, 
and thus correlates with disease state improvement, regardless of the drug used. These 
predictive profiles are used to create customized microarrays, or other suitable 
technology. In vivo responses are obtained for drug eflBcacy and adverse event profile. 
5 This is applicable for new chemical entities and biologicals. 

Example 9 ZFP Transduction of PBMCs 

PBMCs are isolated from a patient usmg the Ficoll-Hypaque gradient method 
(43,44). T-lymphocytes are a cell type in the subset of PBMCs used in ZFP 
transduction. T-lymphocytes are isolated from a patient's PBMC mixture using FACS 
10 sorting (27, 28), or by sorting with magnetic beads (29). T-lymphocytes can then be 
transduced with a ZFP through a retroviral technique (30), following pre-activation 
steps (with anti-CD3, IL-2 and/or phytohaemagglutinin (PHA), as used widely (31)) 
and co-localization of retroviral particles and target cells on a template. 

When transduction efficiency is insufiBcieait, it is necessary to enrich the cell 
15 mixture, by separating out the non-transduced cells. To distmguish between transduced 
and non-transduced cells, the presence of a marker gene on the retrovirus may be used 
(30). This marker gene can encode either an antibiotic resistance protein (30), or for an 
easily detectable maiker protein such as GFP (30). Enrichment in regaid to 
successfull y transduced cells can be obtained by e^qposing cells to an appropriate 
20 antibiotic or, if a GFP was use4 by fluorescence-activated cell sorting. 

If it is impossible to use a marker gene, the efficiency of transduction can be 
determined by analyzing e3q)ression of the transgene (/.€., anc finger protein) or target 
gene (upregulated by zinc finger protein) using flow cytometry. In case the target gene 
product foUowing transcription and translation is a cell surfiice protein, a primary 
25 antibody specific for this protein can be used, combined with a fluorescent-labeled 
secondary antibody, followed by FACS sorting. If the target gene product is an 
intracellular protein, a cell-permeabilizing step is needed prior to tiiie FACS sorting (32) 
following addition of the primary and secondary fluorescent-labeled antibody. 

In addition to T-lymphocytes, B-lymphocytes can be used to create cell lines 

30 (for example using Epstein-Barr Virus infection to stimulate the B-cells (40)) 

expressing the drug target of interest Also subsequently, peripheral blood stem cells 

can be used with or. without mobilization steps, which can be stimulated to proliferate 
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through specific cytokines (21 Because these stem cells are not terminally 
differentiateci, they may offer a better alternative than T-Iymphocytes to ensure that the 
expressed drug targets are functionally integrated in these cells. 

Among the various viral vectors, retroviral vectors are preferred because they 
S are easy to use, fast to prepare and induce long term expression of the target following 
integration in the host genome (30). However, retroviruses only infect dividing cells. 
If this is a significant disadvantage, alternatives such as lentiviral vectors (33), v^hich 
can infect testing cells, are used. 

In a more specific example, a ZFP for Albuterol, a p2-adrenerg^c receptor 
10 agonists used as a cAMP mediated brdnc^odilator in Asthma (23), is c 

tested using the above methods. The technical feasibility of ib^ use of the Albuterol 
ZFP is considered successful, if: 

1. This ZFP is capable of upregulating expression of the p2-adren^gic 
receptor in the T-lymphocytes. 

IS 2. Theexpressedp2-adrenergicreceptor is successfully integrated in the 

T-lymphocytes. 

The proof of technical feasibility experiment includes tihe following steps: 

Selection of a ZFP protein for this drug target 

Configuration of the ZFP using proprietary linkers. 

20 Confirmation oftfaeq)edficity of the ZFP. 

Attachment of a regulatory domain to configure ZFP. 

The transfer of ZFP to retrovirus for cell delivery. 

Test ZFP for ability to iq>-regulate target receptor in PBMCs, 
usmg specific antibodies. 

25 • ExposingftesuccessfuUy modified T-lymphocytes with 

Albuterol, and measuring intracellular cAMP production. 

Increased intracellular levels of cAMP following expose of these 
T-lymphocytes witii Albuterol, as corcqpared to T-lymphocytes, not transduced with the 
ZFP, and exposed to Albuterol, is regarded as proof of technical feasibility for this 
30 ZFP. 
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Example 10 Analysis of Differentially Expressed Genes 

cDNA library construction.(34) and subtraction (35) can be used to identify 
dlQefentially expressed genes in clinical responders and non-responders. In addition, 
available microarrays can also be used for this purpose (36). Response and 
5 non*response can be obtained in vivo fit>m the target patient population, in which the 
NCE/drug is intended to be used, and is defined according to standard clinical 
definitions (37, 38, 39). 

PBMCs in which the drug target is expressed by nieans of ZFP transduction are 
selected by flow cytometry or magnetic beads, as detailed above. PBMCs in winch the 
1 0 target for a drug is expressed are incubated with that drug. Incubation is with two 
separate doses (intermediate and high), for three time durations (0 (predose), 8 hour, 
and 24 hour). 

To liable tibe cDNA library construction and subtraction, mKNA is retracted 
(41) fi*om a minimum of 10 million successfiiUy transduced cells that are treated with 
15 drug as described above. The following libraries were pooled: 



I. 



Postdose responders: cDNA firom cells firom a selected number of 
responders (R) are pooled, including the two doses for both postdose 
timei>oints. 

Postdose non-responders: cDNA fix>m cells fix)m a selected number of 
non*responders (NR) are pooled, including the two doses for botii 
postdose time points. 
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in, Predose responders: cDNA fiY)m cells jfrom responders (R) , as selected 



under I, are pooled from tiie predose samples. 
IV. Predose non-responders: cDNA fix>m cells from non-responders (MR) 
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as selected under n, are pooled from the predose samples. 
The following subtracted libraries are considered from pooled material: 



L 



Postdose (R>Postdose (NR) 



IL 



Postdose (NR)-Postdose (R) 



in. 



Predose (R>-ft©dose (NR) 
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IV. 



Predose p^)-Predose (R) 
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V. Postdose (R>-Predose(R) 

VI- Pjredose(R)-Postdose(R) 

m pQStdose(NR>-Pi€dose(NR) 

Vin. Predose(hfR) Postdose (NR) 

5 This is followed by 3'sequencing of clones obtained from the subtractions. 

Each 3'<-tenninal sequence is searched on-line using the BLAST program at the NCBI 
site for possible matches in the non-redundant and EST public databases. Accession 
numbers from the BLAST search are used to search the UNIgene database to identity 
non-redundant Unigene clusters. A Unigene search is also be performed on the public 
10 EST sequmce libraries for selected Stratagene libraries. If the S'-terminal sequence 
does not allow the identification, this clone undergoes S*-tenninal sequencing. 

Hybridization patterns of probes prepared from the subtracted libraries I-VI are 
used to create our own customized microarrays displaying subtracted sequences. This 
is followed by hybridization of probes of all individiial patient samples onto the 
15 microarrays displaying the subtracted libraries. This step is needed to demonstrate that 
differentiaUy expressed genes as obtained from subtractions of pooled samples, are 
diSerentially expressed in all or the majority of the individual responders. 

Commercially available microarrays can also be used to examine differentially 
expressed genes, using a hybridization reaction between &e sequences on the 

20 microarray and a fluorescent sample (36). After hybridization, the microarrays are read 
^tfa hi|gh--speed fluorescent detectors and the intensity of each spot is quantified. The* 
location and intensity of each spot reveal the identity and amount of eadi sequence 
present in tiie sample. The data are then mined and modeled using the tools of 
computational biology. Thousands, or tens of thousands of gene fragments can be . 

2S present on a single microarray. 

This technique can be used on multiple drugs with tiie same bateh of isolated 
PBMCs. The batoh is split into as many groups as tiiere are drugs to be tested, and the 
same procedure is nm on each group with their own ZFPs and drugs. 
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Example 11 Ascertaining Drug EnicACY in Conjunction with Albuterol 
IN Asthma 

, Screening of drug efficacy can be conducted in asfhma (24,25). For many 
patientS) fbe disease has its roots in infancy, and both genetic factors and environmental 

5 factors contribute to its inception and evolution. Of the chronic diseases of childhood, 
asthma is the most common, with reported prevalence in children ranging from 3% to 
27% across diflFerent countries, hi the U.S. alone, about 17 to 20 million individuals 
have asthma, and the total sales of respiratory therapies exceed $ 1 7 billion a year. 
There are jfive major classes of asthma drugs, including p2-adrenergic receptor 

10 agonists, leukotrime antagonists, inhaled corticosteroids, phophodiesterase inhibitors 
and anticholiner^c drugs. The targets of these drugs are extensively studied and i;vell 
defined, and there are currently 28 NCEs being developed for respiratory and lung 
diseases. 

The primary objective is to identify a set of gqne expresdon profiles in 
15 T-lymphocytes (wifli expressed p2-adrenergic receptor using specific 23FP) in asthma 
patients treated effectively with Albuterol. Albuterol is a p2-adrenerg;ic receptor 
agonists used as a bronchodilator in asthma. p2-adrenergic receptor agonists relax 
bronchial smooth muscle through cyclic AMP (cAMP)-mediated pathways (23). An 
additional objective is to identify a set of gene expression profiles predictive for most 
20 fi^uengy occurring adverse events fo llow i ng a an g le dose of A l buterol in our study. 

Twenty to forty patients diagnosed witti moderate to severe asthma, with 
defined clinical phenotype, are recruited and asked to interrupt corticosteroid treatment 
for 24 hours and treatment with p2- adrenergic receptor treatment for 12 hours prior to 
participation in this study. The patients are treated with the bronchodilator Albuterol, a 
25 p2-adrener^c receptor. They are monitored for in vivo efGcacy for bronchodilation, 
usii^ the forced expiratory volume in one second (FEVl), and adverse events. 
Simultaneously, in vitro gene expression data is obtained fix>m T-lymphocytes from the 
same patirats. FEVl and adverse event are recorded prior and at regular intervals £ifter 
Albuterol treatment 

30 The FEVl is the primary measurement assessed with spirometry for evd 

asthma severity and assessing change in the degree of airway obstruction ^6). 
Spirometry is an excellent prbcedurei for documenting dianges in Asthma, because it is 
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reliable, reproducible, and standardized (26). The reported positive clinical response 
rate in terms of bronchodilation after Albuterol treatmeat varies jfrom 26.3% (7) to 54% . 
(23). 

Adverse events are collected for at least 8 hours after administration of 
5 Albuterol. Prior to administering Albuterol to the patients^ T-lymphocytes are isolated 
from these patients, and transformed into bioassays using specific ZFPs to express 
p2-adrenCTgjc receptors, followed by drug exposure and mRNA analysis and 
sequencing. 

Although p2-adrenergic receptors are expressed in T lymphocytes of healthy 
10 people, in drug-free asthmatic patients, p2-adrenergic receptor density (and hence 

cAMP response) is significantly reduced, without changes in affinity of these receptors 
to the ligand (45,46,47). Therefore T-lymphocytes of asthmatic patients would offer an 
ideal cell type to assess the potential of a specific ZFP to increase expression of 
P2-adrenergic receptors in these cells. 

1 5 Gene expression data of clinical responders is separated from clinical 

non7responders and a gene expression profile is identified that occurs in all or flie 
majority of responders, but absent or hardly present in non-responders. Similarly, a 
gene expression profile is identified that occurs in all or ^e majority of adverse 
responders^ but absent or hanSy present in non-adverse responders. 

20 Predictive cellular response gene expression profiles are used to design 

custondzed microarrays or microbeads. These microarrays or microbeads can either be 
used to develop screening tools or to predict whether a patient responds to a specific 
Albuterol (diagnostic). 



25 The embodiments explained above are for explanatory purposes only. In no 

way should they limit the invention firom other embodiments not listed here. 

All refermces included above are incoiporated in their entirety. 
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We claim: 

1. A method of predicting a patient's in vivo response to a chemical entity, comprising: 

(i) creating a set of reference cellular responses to the chemical entity in 
peripheral blood mononuclear cells that are correlated with in vivo responses 
for a clinical indication in a population of subjects; 

(ii) drawing peripheral blood mononuclear cells from the patient; 

(iii) detecting the cellular response of the patient's peripheral blood mononuclear 
cells to the chemical entity; 

(iv) identifying the cellular response in the reference set of step (i) that 
corresponds to the patient's cellular response of step OiO» ™d 

(v) determining the in vivo response which correlates with the ceUular response in 
the reference set ideqitified in step (iv); 

wherein the patient is predicted to have the in vivo response detennined in step (v) 
^en escposed to the chemical entity ih vfvo. 

2. The method of claim 1 , wherein tiie clinical indication is a member of the gjxnsp 
consisting of efBcacy, adverse effect, and safety. 

3. The method of claim 1, wherein the chemical entity is a member of the group 
consisting of a regist ered ch e mica l entit y , a novel chemical en tity, an^mvirpnTnental 
reagent, and a biologjical. 

4. The method of claim 1, wherein step (iii) comprises: 

(a) transducing the patient's peripheral blood mononuclear cells with a anc finger 
protein that specifically expresses or upregulates the target for the chemical 
entity; 

(b) exposing the transfected peripheral blood mononuclear cells to the chemical 
entity; 

(c) performing mRNA extraction on the exposed peripheral blood mononuclear 
cells of stq) (b); 

(d) coiistrucdng a cDNA library froni the extracted RNA; 

(e) pexfotming a cDNA subtraction with anofter cDNA library; and 

(f) detecting resultant cellular ie$ponses of the patient's peripheral blood 

mononuclear cells to fiie chemical entity. 
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5. The method of claim 1 , wherein the patient's peripheral blood mononuclear cells are 
divided into two or more portions and each pordoh is tested on a different chemical 
entity. 

6. The method of claim 1 , herein the cellidar response is a member of the group 
consisting of gene expression^ increased motility^ chemotaxis^ contraction, relaxation, 
biosynthesis, secretion of signaling molecules, dq>olariz;ation, repolarization, 

- degranulation, adhesion, aggregation, change in metabolic rate, and immediate 
cellular responses. 

7« The metiiod of claim 1, vdierein peripheral blood mononuclear cells are members of 
the groi^ consisting of T-lymphocytes, B-lymphocytes, monocytes, natural killer 
cells, and peripheral blood st^ cells. 

8. A method for predicting an in vivo response for clinical indications that a chemical 
entity will cause in a patient afflicted with a specific disease, comprising: 

Q) drawing peripheral blood mononuclear cells from the patient diagnosed with 
tiie specific disease; 

Qi) performing gene expression analysis on the peripheral blood mononude^ . 
cells ofihc patients; 

(iii) -.^ jcomparing.tiie.results..of tiie gene expression analysis of step (ii) to a reference 

set of gene eirpression analysis results that are correlated with an in vivo 
response to the specific disease; and 

(iv) determining the in vivo response which correlates with the ceUular response in 
tiie reference se^ 

wherein the chonical entity is predicted to cause the in vivo response for a clinical 
indication determined in step (iv). 

9. The method of claim 8, wherein the clinical indication is a member of the groiq> 
consisting of efiBcacy, adverse effect, and safety. 

1 0. The method of claim 8, wherein step (ii) comprises: 

(a) transducing tiie patient's peripheral blood mononuclear cells with a zinc finger 
protein that specifically expresses or upregulates tibe target for the chemical 
enffity; 
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exposing the transfected peripheral blood mononuclear cells to the chemical 
entity; 

perfonning mRNA extraction on the exposed peripheral blood mononuclear 
cells of step (ii); 

constructing a cDNA library from the extracted RNA; 
performing a cDNA subtraction with another cDNA library; and 
detecting resultant cellular responses of the patient's peripheral blood 
mononuclear cells' to the chemical entity. 

1 1 . The method of claim 8, wherein the chemical entity is a member of the group 
consisting of a registered chemical entity, a novel chemical entity, an environmental 
reagent, and a biological. 

12. The method of claim 8, whei^in the patient's cells are divided into two or more 
portions and each portion is tested on a different chemical entity. 

13. The me&od of claim 8, wherein the cellular response is a member of the group 
consisting of gene expression, increased motility, chemotaxis, contraction, relaxation, 
biosynthesis, secretion of signaling molecules, depolarization, repolarization, 
degranulation, adhesion, aggregation, change in metabolic rate, and iimnediate 
cdlular responses. 

14. The method of claim 8, wherein peripheral blood mononuclear cells are members of 
the groitp consisting of T-lymphocytes, B-lymphocytes, monocytes, natural killer 
cells, and peripheral blood stem cells. ' 

15. A mefliod for detecting changes in gene expres^on in peripha:al blood mononuclear 
cells, comprising: 

0 transducing the peripheral blood mononuclear cells with a 2dnc finger protein 
that will tum on genes encoding known targets for a chemical entity 

^ exposing the peripheral blood mononudear cells to the c^emicdendt^ 

Coi) isolating RNA from the p^pheral blood mononuclear cells; 

Oiv) constracting a cDNA library from the isolated SNA; 

(v) using subtraction hybridization to eliminate aU(^NAs expressed m 
unexposed peripheral blood mononuclear ceUs; and 
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(yi) assaying for Iheremaimngov^- and imder-expr^^ 

w^ierein the detection of a remaining over- or under-expressed cDNA indicates a 

change in gene expression in the peripheral blood mononuclear cells. 

16. The method of claim 15, wherein step (v) further comprises using subtraction 
hybridization to eliminate all cDNAs expressed in clinical non-responders. 

17. The method of claim 15, wherein periphoal blood mononuclear cells are members of 
the ffovp consisting of T-lymphocytes, B-lymphocytes, monocytes, natural killer 
cellis, and peripheral blood stem cells. 

1 8. The meOiod of claim 1 5, wherein the patient's cells are divided into two or more 
portions and each portion is tested on a different chemical entity. 

1 9. The method of claim 1 5, wherein the chemical entity is a member of the groi^ 
consisting of a registered chemical entity, a novel chemical entity, an environmental 
reagent, and a biological. 

20. A method for detecting changes in gene expression in peripheral blood mononuclear 
cells, comprising: 

(i) transducing the peripheral blood mononuclear cells wifli a 2dnc finger protein 
that w ill turn on genes encoding known targ ets for a ch emical entity; 

(ii) exposing the peripheral blood mononuclear cells to the chenoical entity; 

(iii) isolating RNA firom the peripheral blood mononuclear cells; 

(iv) constructing a cDNA library j&om the isolated KNA4 

(v) using subtraction hybridization to eliminate all cDNAs expressed in clinical 
non*responders; and 

(vi) assaying for the remaining over- and under-expressed cDNAs, 
wherein tiie detection of a remaining over- or under-expressed cDNA indicates a 
change in gene expression in tiie peripheral blood mononudear cells. 

21 • The method of claim 20, wherein step (v) further comprises using subtraction 
hybridization to eliminate all cDNAs expxe^ed in unexposed i>eripheral blood 
mononuclear cells. 
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22. The me&od of claim 20, wherein peripheral blood mononuclear cells are members of 
the group consisting of T-lymphocjrtes, B-lymphocytes, monocytes, natural killer 
cells, and peripheral blood stem cells. 

23. The method of claim 20, wherein the patient's ceUs are divided into two or moie 
portions and each portion is tested on a diff^nt chemical entity. 

24. The method of claim 20, wherein the chemical entity is a member of the group 
consisting of a registered chemical entity, a novel chemical entity, an environmental 
reagent, and a biological. 

25. A method for predictibag whe&er a patient diagnosed with a specific disease is likely 
to respond positively to a chemical entity, comprising: 

(i) creating a set of refermce cellular responses to the chemical entity in 

peripheral blood mononuclear cells that are correlated with in vivo responses 
for a clinical indication in a population of subjects afOicted with the specific 
disease that have responded positively to tiie chemical entity; 

Qi) capturing these reference cellular responses on a suitable assay; 

(iii) drawing peripheral blood mononuclear cells firom the patient; 

Qv) detecting the cellular response ofthe patient's peripheral blood mononuclear 
cells to the chemical entity; 

(v) identifying the cellular response in the reference set of step (i) that 
corresponds to the patient's cellular response of step (iv); and 

(vi) determining tiie in vivo response which correlates with the cellular response in 
the reference set; 

\^erein the patient having a cellular response that correlates with the cellular 
response in tihe reference set is predicted to be likely to respond positively to the 
chemical entity. 

26. The method of claim 25, wherein the patient's cells are divided into two or more 
portiofis and each portion is tested on a different chemical entity. 

27. The method of claim 25, wherein tiie ceUular response is a member of the groiq> 
consisting of gene expression increased motility, chemotaxis, contraction, relaxation, 
biosyntiiesis, secretion of signaling molecules^ depolarization, repolarxzatian, 
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degranulation, adhesion, aggregation, change in metabolic rate, and immediate 
cellular responses. 

28. The method of claim 25, wherein peripheral blood mononuclear cells are members of 
the group consisting of T-lymphocytes, B-lymphocytes, monocytes, natural killer 
ceUs, and peripheral blood stem cells. 

29. The method of claim 25y wherein step (iii) comprises: 

(a) transducing the patient's peripheral blood mononuclear cells with a 2mc finger 
protexQ that specifically expresses or upregulates the target for the chemical 
enAty; 

(b) exposing the transfected peripheral blood mononuclear ceUs to the chemical 
entity; 

(c) performing mRNA extraction on the exposed peripheral blood mononuclear 
cells of step (b); 

(d) coiistnicting a cDNA library fiom the extracted RNA; 

(e) performing a cDNA subtraction witii another cDNA library; and 

(f) detecting resultant ceUular responses ofthe patient's peripheral blood 
mononuclear cells to the chemical entity. 

30. -^e-mediod-of<^laim-2Srwherein the smtableassay is^^^ 

31. The method of claim 2S» wherem the suitable assay is microbeads. 

32. The metiiod of claim 25, wherein the positive response is a member of the groiq) 
consisting of efi&cacy, lack of adverse effect, and safety. 
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